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We report a 1-month-old male infant with an association of hypertrophic pyloric stenosis (HPS) and
inﬂammatory myoﬁbroblastic tumor (IMT)-like lesion at the pylorus. The infant exhibited vomiting at
a postgestational age of 17 days, and was diagnosed with HPS. Pyloric ultrasound showed anterior wall
thickness of 10 mm and posterior wall thickness of 5 mm. Medical treatment could not relieve his
symptoms, so an operation was performed. Pyloric muscle hypertrophy and a small tumor-like lesion at
the pyloric anterior serosa were found. The tumor-like lesion was enucleated, and pyloromyotomy was
performed. Histological examination during the operation indicated IMT-like lesion, although the
suggestion of a histological diagnosis of IMT continued subsequently. Endoscopic biopsy for pre-pyloric
mucosa showed eosinophilic gastritis. The postoperative course was uneventful. On an ultrasound
6 months after the operation, the muscle hypertrophy had disappeared and no tumor lesion was found.
The symptoms of our patient could have been derived from muscle hypertrophy, which was induced by
HPS and aggravated by IMT-like lesion and eosinophilic gastritis. Eosinophilic gastritis can also be related
to the pathogenesis of IMT-like lesion.
 2013 Elsevier Inc. Open access under CC BY-NC-ND license. Inﬂammatory myoﬁbroblastic tumor (IMT), which was
previously included in the group of lesions described as inﬂam-
matory pseudotumor (IPT), has distinctive clinical features,
a benign clinical course or recurrence in some cases [1e3].
Recently, it has been emphasized that IMT has a feature of
neoplasm [4,5]. On the other hand, the cause or origin of IMT/IPT
is not clearly known, and it has been discussed whether this
lesion is a reactive process or a neoplasm [1e3,6e8]. IMT/IPT was
originally described in lung and later in extrapulmonary loca-
tions [1]. In extrapulmonary IMT/IPT, gastric IMT/IPT is extremely
rare, and only a few pediatric patients with gastric IMT/IPT have
been reported [3,6e15].
In the present study, we report an infant with hypertrophic
pyloric stenosis (HPS), with an association of gastric IMT-like lesion
in the pyloric serosa. The infant was also diagnosed with eosino-
philic gastritis. The symptoms in this infant were improved byþ81 272 20 8230.
p, takaatsu@gunma-u.ac.jp
NC-ND license. enucleation of the lesion and pyloromyotomy. We also discuss the
clinical features of gastric IMT/IPT in children.
1. Case report
A 1-month-old male infant was admitted to our hospital to
receive medical treatment for HPS. The infant was bornwith a birth
weight of 3170 g at a postconceptional age of 37 weeks. His elder
brother had a history of HPS, which had been treated by medical
management. He suffered from non-bilious vomiting at 17 days
postgestational age. No other symptoms were found, and there was
no abnormality in laboratory data except for 9% eosinophils among
white blood cells. Pyloric ultrasound showed anterior wall thick-
ness of 10 mm and posterior wall thickness of 5 mm, and the
longitudinal length of the pyloric canal was 16 mm (Fig. 1a). The
ultrasound structure in the anterior muscle layer showed
a non-uniform echogenic pattern (Fig. 1b). The infant was diag-
nosed with an atypical type of HPS. Medical treatment using atro-
pine and nitric oxide could not relieve his symptoms, so an
operation was performed at a postgestational age of 26 days.
Fig. 1. Ultrasound images taken in the preoperative period. a) Shows signiﬁcant thickness of pyloric anterior wall and elongation of the longitudinal length of the pyloric canal. b)
Shows a non-uniform echogenic pattern on ultrasound taken at the anterior muscle layer (indicated by arrows).
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operation in order to consider the possibility of association of
another disease.
In the operation, pyloric muscle hypertrophy was found. At the
pyloric anterior serosa, a small tumor-like lesion of about 5 mm in
diameter was also found. The tumor-like lesion, which extended
into the muscle layer, was enucleated. The enucleated lesion was
subjected to histological examination during the operation. The
intraoperative histological examination indicated IMT/IPT-like
lesion. Pyloromyotomy was also performed at the same time. The
thickness of the muscle layer at the pyloromyotomy site was 5 mm.
Endoscopy of the stomach showed gastritis at the pre-pyloric site,
and we performed biopsy of the gastric mucosa. In hematoxylin-
eosin staining of the tumor-like lesion, the lesion consisted of
spindle cells and intercellular collagen ﬁbers, which inﬁltrated into
themuscle layer. Focal deposition of mucinousmaterials was found.
Inﬁltration of lymphocytes, plasma cells, and polymorphonuclear
leukocytes, including eosinophils, was also found. These ﬁndings
are shown in Fig. 2a and b. The histology of pre-pyloric mucosal
biopsy determined by endoscopy showed gastritis with inﬁltration
of lymphocytes, plasma cells, and eosinophils. The inﬁltration of
eosinophils was observed in lamina propria at antrum, and the
number of eosinophils increased to 150/high-power ﬁeld (shown in
Fig. 2c), indicating eosinophilic gastritis [16]. Immunohistochemical
staining showed strongly positive staining for vimentin, and weak
and partly positive staining for keratin, desmin, smooth muscle
actin, and CD34 of epithelial membrane antigen (shown in Fig. 3aFig. 2. Histological images of hematoxylin-eosin staining in the tumor-like lesion and gastri
the histology of the lesion at the pyloric anterior wall. There was a proliferation of spindle c
gastritis with inﬁltration of eosinophils, which was observed in lamina propria, and the nuand b). There was negative staining for S-100 protein of myoglobin,
and anaplastic lymphoma kinase (ALK). These histological ﬁndings
were similar to those of IMT; however, the suggestion of a histo-
logical diagnosis of the lesion as IMT continued since ALK was
negative.
The infant was fed on the breast milk from birth and after the
diagnosis of eosinophilic gastritis. Antibodies for milk allergy were
not detected by radioallergosorbent test. Although limited vomiting
continued after the operation, weight gain occurred and the post-
operative course was uneventful during the 6 months after the
operation. On an ultrasound 6 months after the operation, the
muscle hypertrophy had disappeared and no tumor lesion was
found at the pyloric site.
2. Discussion
IMT has various appellations including in IPT, and the tumor
lesions of these appellations have similar histopathological features
[2]. The histological features of IMT/IPT include spindle cell prolif-
eration and characteristic ﬁbroinﬂammatory appearance, which
consists of an inﬁltration of inﬂammatory cells, lymphocytes,
plasma cells, and polymorphonuclear leukocytes, including eosin-
ophils [1e3,17]. IMT/IPT was originally described in lung and later
in extrapulmonary locations [1,2]. Extrapulmonary abdominal IMT/
IPT in patients under 15 years of age has seldom been reported;
however, the majority of these IMT/IPT cases occur in mesentery,
omentum, or retroperitoneum [1e3,18]. The occurrence of gastricc mucosa. a) (Original magniﬁcation, 100) and b) (original magniﬁcation, 200) show
ells with the inﬁltration of inﬂammatory cells. c) (Original magniﬁcation, 200) shows
mber of eosinophils was increased to 150/high-power ﬁeld.
Fig. 3. Histological images of immunohistochemical staining. Immunohistochemical staining showed weak and partial positive staining for desmin (shown in a) and smooth muscle
actin (shown in b). The original magniﬁcation was 200. SMA: smooth muscle actin.
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which has similar histological ﬁndings to those in IMT/IPT, has been
reported [19,20]. We postulate, however, that the gastric inﬂam-
matory ﬁbroid polyp has different clinical features compared with
IMT/IPT. Namely, the lesion is small, restricted to a mucosal or
submucosal site, extends into an intraluminal site, and has benign
clinical features [2,7,15]. Although the lesion in our case was small
and was not known to have a feature of true neoplasm, we diag-
nosed it as IMT-like lesion according to the histological and
immunohistochemical features and its presence at a serosal site.
As for the clinico-pathological features of IMT/IPT, Cofﬁn et al.
described that IMT is a benign, nonmetastasizing proliferation of
myoﬁbroblasts with a potential for recurrence and persistent local
growth [1,2]. In addition, it has also been demonstrated that
histologic malignant transformation was observed in a few cases of
IMT [2]. Furthermore, it is thought that IMT is a neoplasm of
intermediate biological potential that frequently recurs and rarely
metastasizes [3e5]. There must be some patients with histological
IMT with potential malignant features. On the other hand, it has
also been postulated that IMTs are a ﬁbroinﬂammatory process
[6e8]. We think that there may be some patients with histological
IMT that develops in an inﬂammatory process. As for factors
predictive of prognosis in IMT/IPT, it has been reported that unre-
sectivity or multinodularity of tumor is a predictor of recurrence
[2]. On the other hand, the clinical factors predictive of malignant
features are unclear, and age, tumor-associated or systemic symp-
toms, tumor size, and inﬂammatory inﬁltrate are not related to the
prognosis [2,7,21].
In the present case, we assume that the lesion could have had
a benign feature with a result of chronic inﬂammation because of
the existence of granulation tissues with inﬁltration of inﬂamma-
tory cells, no locally growing lesion during the 6 months after the
enucleation of the lesion, and an early phase of histological IMT/IPT
at the operation. In addition, it has been reported that gastric IMP/
ITP may be benign and result from an inﬂammatory reaction [6e8].
Estêvão-Costa reported a patient with an association of gastric
inﬂammatory myoﬁbroblastic proliferation and Helicobacter pylori
infection [6]. In the present case, there is a possibility that IMT-like
lesion may have occurred on the basis of mucosal and/or submu-
cosal eosinophilic gastritis and extended into the pyloric serosa.
To our knowledge, only 15 patients under 15 years old, including
the present case, have been reported with gastric IMT/IPT [3,6e15].
In these collected IMT/IPTcases, the age at appearance of symptoms
ranged between 2months and 12 years (average, 5.9 years; median,
5 years) and almost all lesions were large. Gastric IMT/IPT can be
located anywhere in the stomach, and inﬁltrates into the outside of
the gastric wall, an intraluminal site (polyp type), or both. In
addition, the majority of gastric IMT/IPT cases were found to havesystemic symptoms of fever, weight loss, and/or anemia [3,6e15].
Our patient was younger than in previous cases and had a smaller
tumor, and no symptoms except for gastric outlet obstruction were
noted. These clinical features in the present case might have been
inﬂuenced by the early diagnosis and operation due to the associ-
ation with gastric outlet obstruction of HPS.
As for the occurrence of gastric outlet obstruction in the present
case, the thickness of the anterior wall was greater than that in
typical HPS. There were inﬂammatory and edematous changes in
themuscle layer, suggesting that themechanical obstruction, which
was induced by the HPS, was aggravated by these histological
changes accompanying IMT-like lesion.
There are many pathogeneses of infantile HPS [22]. In order to
consider the possibility of association of another disease in our case,
namely, ectopic pancreas [23], we performed endoscopy for the
stomach at the time of the operation. As a result, we diagnosed
eosinophilic gastritis histologically. It has been suggested that
eosinophilic gastritis can be related to the pathogenesis of HPS
[24,25]. Hümmer-Ehret et al. showed that hypertrophy of mucosal
and submucosal layer occurred in eosinophilic gastritis, which
induced and/or aggravated gastric outlet obstruction [25]. The
existence of eosinophilic gastritis could also have aggravated the
gastric outlet obstruction in our case. Although the gastric outlet
obstruction in our case was induced by the existence of HPS and
IMT-like lesion, the pathological relationship between HPS and
IMT-like lesion is unclear. In addition, we postulate that the IMT-
like lesion and HPS occurred distinctly in the present case. Eosin-
ophilic gastritis can be related to the pathogenesis of IMT-like lesion
and HPS, as described above.
3. Conclusion
We reported a rare case of an association of pyloric IMT-like
lesion and HPS. IMT-like lesion might be diagnosed early by the
gastric outlet obstruction of HPS. The symptoms in our case may
have been related to the muscle hypertrophy induced by HPS and
aggravated by IMT-like lesion and eosinophilic gastritis. Eosino-
philic gastritis was also related to the pathogenesis of IMT-like
lesion in the present case.
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